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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a highly sensitive magnetic sensor using 
a single Faraday element. 

SOLUTION: In this sensor, an optical path of light passing through the inside of 
the Faraday element 11 is changed inside both prisms using the prisms 12, 13 
provided in a light-incident side end face 1 1 A and a light-emitting side end face 
1 1 B of the Faraday element 1 1 , and applied with reflection films In the respective 
end faces, plural times of going and returning transmission of the light are 
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repeated in the Faraday element 1 1 to make the optical paths parallel and 
separated each other along a magnetic field H, and the light is emitted from an 
emitting position ROUT different from an incident position RIN of the incident end 
face 11 A. That is, the plural times of transmission of the light are repeated inside 
the Faraday element 1 1 along only the measuring magnetic field H not to be 
affected by other magnetic field and to provide highly sensitive detection result 
since element sensitivity is enhanced. 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 




[Claim(s)] 

[Claim 1] The Faraday cell which changes the reinforcement of the light source 
which generates light, and the field which tends to be made to penetrate this light 
and it is going to detect into property change of the light which is the rotatory 
polarization angle of said light, It is the magnetometric sensor equipped with the 
light sensing portion which receives said light by which property conversion was 
carried out. With the incidence end-face side of the light of said Faraday cell, to 
the outgoing radiation end-face side of the light of an opposite hand It has the 1st 
optical means which carries out the multiple-times echo of the light by which 
outgoing radiation was carried out from said Faraday cell, and is returned to said 
Faraday cell. Said 1 st optical means The magnetometric sensor characterized by 
reflecting said light so that the optical path of the reflected light in said Faraday 
cell may be almost parallel to the optical path of incident light and said both 
optical paths may dissociate. 

[Claim 2] It is the magnetometric sensor which is equipped with the 2nd optical 
means which carries out the multiple-times echo of the light by which outgoing 
radiation was earned out to the incidence end-face side of light from the 
incidence end face of the light of said Faraday cell further in a magnetometric 
sensor according to claim 1, and is returned to said Faraday cell, and is 

characterized by reflecting said light so that said 2nd optical means may have the 
optical path of the reflected light in said Faraday cell almost parallel to the optical 
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path of incident light and said both optical paths may dissociate. 
[Claim 3] The 1st optical means and the 2nd optical means are a magnetometric 
sensor characterized by being the prism with which the reflective film was given 
in the magnetometric sensor according to claim 1 or 2. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetometric sensor using 
the phenomenon in which the plane of polarization of the advancing light rotates 
the inside of a Faraday cell according to the reinforcement of a field, and relates 
to the technique which raises the sensibility of this kind of magnetometric sensor 
especially. 
[0002] 

[Description of the Prior Art] Generally, the light by which incidence was carried 
out from the incidence end-face side of a Faraday cell penetrates a component, 

and outgoing radiation of the magnetometric sensor using the Faraday effect is 

carried out to an incidence side from the outgoing radiation end face of an 
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opposite hand. And the reinforcement of a field is detected change of the 
information on this outgoing radiation light, and by specifically getting to know the 
rotatory polarization angle of light. The sensibility of a component comes out 
enough to the reinforcement of a field to detect, and this component is made to 
penetrate light once in a certain case. However, since when element sensitivity is 
not enough obtains sufficient sensibility, drawing requires improvement in 
sensibility using the technique of lengthening the operation length of a . 
component. For example, there is a thing which two or more components are 
arranged [ thing J in a serial as the 1st technique, and makes light penetrate. 
[0003] Moreover, with the incidence end-face side of the light of a component, 
there are some which the reflective film is given [ some ] to the outgoing radiation 
end face of the light of an opposite hand, and carry out the reflective round trip of 
the light by the same optical path as the 2nd technique. The half mirror is used 
for separation of this incident light and outgoing radiation light. 
[0004] Furthermore, the configuration and its actuation of the 3rd technique of 
making reflect light and raising sensibility are explained. As shown in drawing 6 , 
the object for the incidence of light and the prism for outgoing radiation are 
arranged to the ends of the upside side of the longitudinal direction of the 
component 30 of a rectangular parallelepiped, respectively. And the light by 
which was transmitted from optical fiber 10a and outgoing radiation was carried 
out through rod-lens 11a carries out incidence from the direction of slanting into a 
component 30 through prism 20a for incidence. The incident light of this slant 
reaches reflective film 31b which penetrated the inside of a component 30 and 
was given to the confrontation of the incidence side face of the light of a 
component 30. It reflects in the direction of slant by reflective film 31b, and this 
light goes to the incidence side face of light. Moreover, it reflects further and the 
light which reflective film 31a is also given to the side face by the side of the 
incidence of this light, and arrived at this side face goes to reflective film 31b of a 
confrontation. That is, repeating the reflective film 31a and 31b given to the both- 
sides side in the direction of slant, and repeating the echo of multiple times by 
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turns, light penetrates a component and outgoing radiation is carried out from 

prism 20b for outgoing radiation. 

[0005] 

[Problem(s) to be Solved by the Invention] However, in the case of the 
conventional example which has such a configuration, there are the following 
problems. There is a problem that the sensor itself becomes large, in the 1st 
technique of arranging [ technique ] two or more components in a serial, and 
making light penetrate. Moreover, since the component is expensive, it is not 
economical to use two or more components. 

[0006] With the incidence end-face side of light, in the case of the 2nd technique 
of carrying out the both-way echo of the light on the same optical path using the 
component which gave the reflective film to the outgoing radiation end face of the 
light of an opposite hand, a half mirror etc. will be used for separation with 
incident light and outgoing radiation light, at the time of incidence and outgoing 
radiation, a part of light loses with this half mirror, and an SN ratio (Signal-to- 
Noise ratio) worsens. Moreover, since light passes along the same optical path in 
using coherent light for the light source, the effectiveness of interference poses a 
problem. 

[0007] Moreover, there are the following troubles by the 3rd technique. Namely, 
as shown in drawing 7 , by the 3rd technique, light advances in the direction of 
slant to the measurement field H. Plane of polarization rotates the component L 
of the light of the measurement field H and this direction among rectangular 
cross 2 component L of light, and L' reflecting the strength of the measurement 
field H. On the other hand, plane of polarization rotates component L' of the light 
which intersects perpendicularly with the measurement field H reflecting the 
strength of field H' which intersects perpendicularly with the measurement field H. 
Consequently, the rotatory polarization of the light which penetrated the 
component 30 is influenced of field H' of not only the measurement field H but 
another direction, and has the problem that a detection error becomes large so 
much. 
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[0008] This invention is made in view of such a situation, and its detection 
sensitivity is high and, moreover, it aims at offering a magnetometric sensor with 
a small detection error. 
[0009] 

[Means for Solving the Problem] This invention takes the following configurations, 
in order to attain such an object. Namely, the Faraday cell which changes the 
reinforcement of the field which invention according to claim 1 tends to make 
penetrate the light source which generates light, and this light, and it is going to 
detect into property change of the light which is the rotatory polarization angle of 
said light, It is the magnetometric sensor equipped with the light sensing portion 
which receives said light by which property conversion was carried out. With the 
incidence end-face side of the light of said Faraday cell, to the outgoing radiation 
end-face side of the light of an opposite hand It has the 1st optical means which 
carries out the multiple-times echo of the light by which outgoing radiation was 
carried out from said Faraday cell, and is returned to said Faraday cell, said 1st 
optical means has the optical path of the reflected light in said Faraday cell 
almost parallel to the optical path of incident light, and said light is reflected so 
that said both optical paths may dissociate. 

[0010] Invention according to claim 2 is equipped with the 2nd optical means 
which carries out the multiple-times echo of the light by which outgoing radiation 
was carried out to the incidence end-face side of light from the incidence end 
face of the light of said Faraday cell further in a magnetometric sensor according 
to claim 1 , and is returned to said Faraday cell, said 2nd optical means has the 
optical path of the reflected light in said Faraday cell almost parallel to the optical 
path of incident light, and said light is reflected so that said both optical paths 
may dissociate. 

i 

[0011] In the magnetometric sensor according to claim 1 or 2. as for invention 
according to claim 3, the 1st optical means and the 2nd optical means are 
equipped with the given prism by the reflective film. 
[0012] 
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[Function] The operation of this invention is as follows. That is, according to 
invention according to claim 1, the light which carried out Incidence to the 
Faraday cell penetrates a Faraday cell in accordance with a field, and outgoing 

radiation is carried out to a plane-of-incidence side from the outgoing radiation 
end-face side of an opposite hand. This light by which outgoing radiation was 
carried out repeats a multiple-times echo in the 1st optical means installed in the 
outgoing radiation end face, and is returned into a Faraday cell. This returned 
light goes to an incidence end-face side. It dissociates and the optical path of the 
light which returns to this incidence end-face side is returned so that it is not 
parallel and may not interfere mostly with the optical path of incident light. 
Outgoing radiation of this light is carried out from a different location from the 
incidence location of plane of incidence. 

[0013] According to invention according to claim 2, the 2nd optical means is 
further installed in the incidence end-face side of the light of a Faraday cell 
according to claim 1 . Therefore, the light which penetrated the Faraday cell as 
mentioned above, reflected by the 1st optical means, was again returned to the 
Faraday cell, and went to the incidence end-face side repeats a multiple-times 
echo in the 2nd optical means which carried out outgoing radiation of the 
incidence end face, and was installed in the incidence end face, and is returned 
to a Faraday cell. This light is almost parallel to incident light and two optical 
paths of the point returned from the outgoing radiation end face, and it 
dissociates so that it may not interfere, and it goes to an outgoing radiation end 
face again. After repeating this the actuation of a series of two or more times and 
raising element sensitivity, outgoing radiation of the light is carried out from a 
different location from the incidence location of an incidence end face. 
[0014] According to invention according to claim 3, an echo and optical-path 
design of light are easily carried out by using prism for the 1st optical means and 
the 2nd optical means. 

[Embodiment of the Invention] Hereafter, one example of this invention is 
explained with reference to a drawing. First, drawing 1 is the perspective view 
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having shown the important section of one example of the magnetometric sensor 
concerning this invention. 

[0015] The component section which is an important section of this example 
consists of Faraday cell 1 1 transformed to property change of light by making 
into rotatory polarization change of the MAG which is physical quantity, large- 
sized prism 12 arranged so that the light which carried out incidence to Faraday 
cell 11 may carry out multiple-times round trip transparency in accordance with a 
field in Faraday cell 11, and Faraday cell 11 may be inserted, and small prism 13. 
In addition, the prism 13 with the large-sized prism 12 small to the 1st optical 
means of this invention is equivalent to the 2nd optical means of this invention. 
[0016] Faraday cell 1 1 is the configuration of the cylinder equipped with 
incidence end-face 1 1A of light, and outgoing radiation end-face 1 1B, and in 
order to earn element sensitivity, it is arranged so that incidence of the light may 
be carried out from one end-face 1 1A of the longitudinal direction of Faraday cell 
1 1 . For example, a diameter is [ 2mm and the die length of the size ] 5mm. In 
addition, this configuration may be a prism etc. Moreover, the yttrium iron garnet 
(Ytrium Iron Garnet) generally used is used for an ingredient. 
[0017] The large-sized prism 12 is a rectangular prism with which the reflective 
film was given to end faces 12A and 12B, as the multiple-times echo of the light 
is carried out inside prism 12 and returned into Faraday cell 11. That is, this 
large-sized prism 12 carries out incidence of the light by which outgoing radiation 
was carried out by penetrating Faraday cell 1 1 , and it repeats two right-angled 
echoes so that the character of KO may be drawn inside this prism 12. Moreover, 
this reflected reflected light is returned into Faraday cell 11, it is almost parallel to 
other optical paths, and it is constituted so that it may return to the incidence end- 
face 11A side again through the optical path separated so that it might not 
interfere. Moreover, the configuration of this prism 12 is designed by size which 
covers all outgoing radiation end-face 1 1B of Faraday cell 11 . Moreover, since 
the prism 13 installed in incidence end-face 11A is performing adjustment and a 
design of light of a reflected light way, this prism 12 is placed in a fixed position 
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so that the shaft of top-most vertices may be parallel to the direction of medial- 
axis Y of Faraday cell 1 1 . 

[0018] The small prism 13 is a rectangular prism with which the reflective film 
was given to end faces 13A and 13B like said large-sized prism 12. That is, 
incidence of the light to which this small prism 13 was also returned to Faraday 
cell 11 from said large-sized prism 12, and outgoing radiation was carried out 
from incidence end-face 1 1 A is carried out, and two right-angled echoes are 
repeated so that the character of KO may be drawn inside. Moreover, this 
reflected light is constituted so that it may be again returned into Faraday cell 1 1 
and may return to the end-face 1 1 B side through the optical path which was 
almost parallel to other optical paths, and was separated so that it might not 
interfere. Moreover, the optical path which carried out the multiple-times 
transparency of the inside of Faraday cell 1 1 does not lap, but the location in 
which this small prism 13 is installed is set up so that it may become the location 
where the outgoing radiation location of light differed from the incidence location 
of incident light. That is, as shown in drawing 1 , in all incidence end-face 1 1 A of 
the light of Faraday cell 11, there is nothing and prism 1 1 is constituted by size 
which opens every [ of the vertical Y shaft-orientations upper part of plane-of- 
incidence 11 A, and the lower part / a part ] in segment-like area, alias a wrap, 
and further, to the direction of medial-axis Y of incidence end-face 1 1A of the 
light of Faraday cell 1 1 , only an include angle theta is leaned and it is arranged. 
[0019] In addition, whenever [ angle-of-inclination / of this prism 13 ], the light of 
theta which repeats multiple-times round trip transparency in Faraday cell 1 1 is 
mutually parallel, and it is set up so that it may pass along the optical path 
separated so that it might not interfere. Furthermore, in order to aim at 
improvement in the element sensitivity of Faraday cell 1 1 , it is decided that 
sufficient operation length is secured. However, since light has the property that 
a beam diameter spreads as operation length becomes long, if it carries out the 
multiple-times round trip transparency of the inside of Faraday cell 1 1 and 
operation length is lengthened too much, the problem of a mutual optical path 
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interfering or overlapping will produce it. Therefore, it opts for operation length 
fully in consideration of this point. 

[0020] Next, actuation of a round is explained. After the light irradiated from the 
light source which is not illustrated is changed into parallel light with a lens etc., it 
is sent to Faraday cell 1 1 . 

[0021] Incidence of this light is carried out from the incidence location RIN 
established in incidence end-face 1 1 A of the light of Faraday cell 1 1 . The light 
which carried out incidence penetrates the inside of Faraday cell 1 1 to Z shaft 
orientations in accordance with Field H. 

[0022] Outgoing radiation of the transmitted light Is carried out from other-end 
side 1 1 B of Faraday cell 1 1 , and it carries out incidence to the large-sized prism 
12 installed in this end face 11. This light is reflected in X shaft orientations by 
the right angle by reflective film 12A of prism 12. If this reflected light reaches 
other end-face 12B which gave the reflective film of this prism 12, it will reflect in 
minus Z shaft orientations further at a right angle, and it will be returned into 
Faraday cell 1 1 . That is, this light penetrates the inside of Faraday cell 1 1 toward 
incidence end-face 11A of light, meeting a passage and Field H in another optical 
path separated so that it might be parallel to the optical path of incident light and 
might not interfere in the inside of Faraday cell 11. 

[0023] Incidence of the light which has penetrated the inside of said Faraday cell 
1 1 is carried out to the small prism 13 which outgoing radiation was carried out 
from end-face 1 1 A of Faraday cell 1 1, and was installed in end-face 1 1 A. If this 
light that carried out incidence reaches reflective film 13A given to the end face of 
prism 13, it will be reflected in minus XY shaft orientations by this reflective film 
13A at a right angle. If this reflected light reaches reflective film 13B of this prism 
13, it will reflect in Z shaft orientations further at a right angle, and it will be 
returned into Faraday cell 1 1 . Namely, this light is parallel to two optical paths of 
precedence mentioned above, and the inside of Faraday cell 1 1 is again 
penetrated toward outgoing radiation end-face 1 1 B by dissociating so that it may 
not interfere, meeting Field H. 
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[0024] outgoing radiation location ROUT which the light which repeats a series of 
above-mentioned actuation, and which carries out and penetrates the inside of 
Faraday cell 1 1 shifted to minus Y shaft orientations little by little, and was 
eventually established in incidence end-face 1 1A of light from - outgoing 
radiation is carried out. 

[0025] In addition, as a result of operating the above-mentioned round, the 
scattered light may occur inside Faraday cell 11. In this case, as shown in 
drawing 2 , it is possible to separate only a light required of deciding the outgoing 
radiation optical path of light beforehand by the design stage, arranging the plate 
14 which prepared pinhole 14Aon the optical path of outgoing radiation light, and 
making that pinhole 14A pass outgoing radiation light. Moreover, it is also 
possible to take out outgoing radiation light in the various directions using a 
mirror etc. 

[0026] In this example, detection of the physical quantity into which Faraday cell 
1 1 was made to penetrate light and change of a field was changed by property 
change of light as a rotatory polarization angle of light detects only the rotatory 
polarization angle which carried out the multiple-times round trip transparency of 
the light which carried out incidence to Faraday cell 11 in accordance with Field 
H. That is, light is installed in the large-sized prism 12 installed in end-face 1 1B of 
Faraday cell 1 1 when carrying out the multiple-times round trip of the inside of 
Faraday cell 1 1, and end-face 11 A, a right-angled echo is repeated inside the 
small prism 13, an optical-path change is made, and it is returned as a light in 
alignment with Field H into Faraday cell 1 1 . Consequently, even if field IT which 
intersects perpendicularly with Field H exists, the noise component which had 
influenced by field H 1 like the 3rd technique of the conventional technique is 
removable. Furthermore, since it dissociates so that a mutual optical path may 
not interfere in the inside of single Faraday cell 11, and the multiple-times round 
trip transparency of the light is carried out, if element sensitivity is high and a high 
sensitivity detection result is obtained, it can **. 

[0027] Next, 4 pass methods with which light goes and comes back to the inside 
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of a Faraday cell twice are explained using drawing 3 . This example consists of 
large-sized prism 12 installed so that it might roughly divide and might put from 
the ends of the longitudinal direction of Faraday cell 1 1 and this Faraday cell 1 1 , 
and small prism 13. 

[0028] Faraday cells 1 1 are the configurations of incidence end-face 1 1 A of light, 
and the cylinder equipped with outgoing radiation end-face 11 B, and in order to 
earn element sensitivity, they are arranged so that incidence of the light may be 
carried out from one end-face 1 1 A of the longitudinal direction of Faraday cell 1 1 . 
[0029] The large-sized prism 12 installed in end-face 1 1B of Faraday cell 11 is a 
rectangular prism with which the reflective film was given to end faces 12A and 
12B. The configuration is the rectangular prism which had the four same sides as 
the diameter of Faraday cell 1 1 , and carried out the configuration of the 
rectangular-head drill which is a square installation side. 
[0030] The small prism 13 installed in end-face 11 A of Faraday cell 11 is a 
rectangular prism with which the reflective film was given to end faces 13A and 
13B like said large-sized prism 12. The configuration is the rectangular prism 
which carried out the configuration of a rectangular-head drill where the 
installation side to incidence end-face 1 1A of the light of Faraday cell 1 1 was a 
rectangle. That is, the longitudinal direction of the installation side of prism 13 is 
the same as the diameter of Faraday cell 12, and makes the direction of a short 
hand the same die length as a radius. This prism 13 is installed so that it may go 
from the incidence side of the light of Faraday cell 1 1 to illustrate and a right half 
may be covered from a center line Y-axis. 

[0031] theta= 90 degrees of said prism 13 are leaned to the prism 12 installed in 
end-face 1 1 B of Faraday cell 1 1 , and it is installed in the condition. That is, the 
shaft of the top-most vertices of prism 13 is installed in X shaft orientations of 
Faraday cell 12 by parallel to the shaft of the top-most vertices of the prism 12 
installed in end-face 1 1 B of Faraday cell 1 1 being parallel to Y shaft orientations 
of Faraday cell 1 2. 

[0032] Next, actuation of a round is explained. Although not illustrated, incidence 
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of the light into which the light from the light source was changed by parallel light 
with the lens is carried out from the incidence location RIN established in the 
upper left quadrant of end-face 1 1 A of Faraday cell 1 1 . This light that carried out 
incidence arrives at the location of the upper left quadrant of prism 12 from the 
travelling direction of the light which penetrates and illustrates the inside of 
Faraday cell 1 1 to 2 shaft orientations in accordance with Field H. 
[0033] This light that reached arrives at the location of the upper right quadrant of 
12B which is the end face to which it was reflected in X shaft orientations by the 
right angle by end-face 12A to which the reflective film was given, and other 
reflective film of this prism 12 was given. It reflects in minus Z shaft orientations 
again by end-face 12B at a right angle, and this light is returned to Faraday cell 
1 1 . It dissociates so that it may not interfere, and it penetrates [ this returned light 
is parallel to Incident light and ] the inside of Faraday cell 1 1 , and arrives at the 
location of the upper part of prism 13. 

[0034] It reflects in minus Y shaft orientations at a right angle by end-face 13A 
which gave the reflective film of prism 13, it is again reflected in Z shaft 
orientations by the right angle by end-face 13B to which other reflective film of 
this prism 13 was given, and this light that reached is returned into Faraday cell 
1 1 . This light is parallel to two optical paths of precedence, and it dissociates so 
that it may not interfere, and it penetrates the inside of Faraday cell 11. 
[0035] This transmitted light reaches prism 12 again, and it is reflected in minus 
X shaft orientations by the right angle by end-face 12B to which the reflective film 
was given in the location of the lower right quadrant of this prism 12, and it 
arrives at the location of the lower left quadrant of end-face 12A in this prism 12. 
It is again reflected in minus Z shaft orientations by the right angle by end-face 
12A to which the reflective film was given, and this light is returned into Faraday 
cell 1 1 . outgoing radiation location ROUT of light of this light being parallel to 
three optical paths of precedence, and interfering In which it separated into be 
alike and the inside of Faraday cell 1 1 was established by transparency sushi 
and the lower left quadrant of incidence end-face 1 1 A of light from - outgoing 
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radiation is carried out. 

[0036] Usually, a faraday's rotation angle is proportional to operation length, 
therefore, since the inside of Faraday cell 1 1 is penetrated 4 times in the case of 
this example, compared with ******, sensibility will improve the inside of Faraday 
cell 114 times once. 

[0037] Next, one example of the magnetometric sensor using 4 pass methods is 
shown. As shown in drawing 4 , this example consists of the light source section 
1 which roughly divides and generates light, the component section 1 0 changed 
into property change of light by making change of a field into rotatory polarization, 
and a light sensing portion 20 which receives the light by which outgoing 
radiation was carried out from the component section 10. Hereafter, each 
configuration is explained. 

[0038] The light source section 1 consists of the light source 2 which generates 
light, and a polarizer 3 which changes and carries out outgoing radiation of this 
light to the linearly polarized light. 

[0039] Moreover, the component section 10 consists of mirrors 14 for changing 
the prism 12 and 13 of Faraday cell 1 1 which incidence of said linearly polarized 
light is carried out [ Faraday cell ], and makes it penetrate, and two size which 
gave the reflective film to the end face in order to carry out the multiple-times 
echo of this straight-line light and to carry out the multiple-times round trip of the 
inside of a Faraday cell, and the direction of the reflected light by which outgoing 
radiation was carried out by carrying out the multiple-times round trip 
transparency of the inside of Faraday cell 1 1 . Moreover, in order that a light 
sensing portion 20 may receive said light by which outgoing radiation was carried 
out, may investigate the existence or bearing of polarization and it may carry out 
a spectrum to each component The polarizer 21 (it is hereafter called a 
"analyzer".) which leaned 45 degrees and was installed to the linearly polarized 
light It consists of lenses 22a and 22b for condensing each of two polarization a 
and b by which the spectrum was carried out, and photodiodes 23a and 23b 
which are the photo-electric-translation means for receiving the each of 
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polarization which was condensed and changing into an electrical signal. 
[0040] Next, actuation of a round is explained. By passing a polarizer 3, the light 
generated from the light source 2 is changed into straight-line light, and outgoing 
radiation is carried out towards Faraday cell 1 1 . 

[0041] Incidence of this straight-line light by which outgoing radiation was carried 
out is carried out from the part of the left-hand side in drawing 3 which is not 
covered by the prism 13 of Faraday cell 11. This light that carried out incidence 
penetrates the inside of Faraday cell 1 1 in accordance with Field H, a multiple- 
times echo is carried out, respectively by the reflective film of the prism 1 2 and 
13 installed in the ends side of Faraday cell 1 1, and an optical-path change is 
made. That is, this light by which an optical-path change was made is returned 
into Faraday cell 11, in accordance with Field H, is mutually parallel and repeats 
transparency of 2 round trips through the optical path separated so that it might 
not Interfere. Outgoing radiation of the light which repeated this transparency is 
carried out from the part of the right which is not covered by prism by the 
incidence end face of the light of Faraday cell 1 1 . That is, this method is 4 pass 
methods which repeat four transparency for the inside of Faraday cell 1 1 . An 
optical path is changed by the mirror 14 by which the light by which outgoing 
radiation was carried out was installed ahead [ outgoing radiation optical-path ]. 
[0042] Light is received with an analyzer 21 and the light by which an optical-path 
change was made can investigate the existence or bearing of polarization. As a 
result of being investigated, a spectrum is carried out to two components, the 
thing a with polarization, and the thing b without polarization, Polarization a is 
sent to lens 22a, and Polarization b is sent to lens 22b, respectively. The 
polarization components a and b are received with the photodiodes 23a and 23b 
which are photo-electric-translation means (FD), once it is condensed with 
Lenses 22a and 22b. Each quantity of light is changed into these received 
polarization components a and b by electrical signals A and B. Consequently, 
magnetic intensity is measured by the operation using the electrical signal of the 
changed polarization components A and B. 
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[0043] Said operation can obtain the detection result of (1) type to change of a 
field, if the adjoining electrical signals A and B detected by time series are used. 
(A-B)/(A+B)=sin (2theta) - (1 ) 

Here, in minute Faraday rotation (2theta«1), it can approximate with sin(2theta) 
**2theta, and (1) type becomes degree type (1)' and can obtain a linear detection 
result. 

(A-B)/(A+B)=2theta - (1) ' and this formula (1)' can be expressed like [ relation / 
of theta=VHL of the Faraday effect ] a degree type (2). It can ask for magnetic- 
field-strength H from this (2) type. 
(A-B)/(A+B)=2VHL - (2) 

Here, for theta, a rotatory polarization angle and V are [ magnetic field strength 
and L of a verdet's constant and H ] the die length of a Faraday cell. In this 
invention, in light, since transparency of multiple times is repeated in the single 
Faraday cell, the optical path length of light deserves said parameter L. 
[0044] Deformation implementation of this invention can also be carried out not 
only in the above-mentioned example but as follows. (1) As shown in drawing 5 , 
arrange the rectangular prism 12 which gave the reflective film 12A and 12B to 
the outgoing radiation side side of the light of an opposite hand with the end face 
by the side of the incidence of the light of Faraday cell 1 1. The light which carried 
out incidence penetrates with a passage the optical path which met Field H in the 
inside of Faraday cell 1 1. A transmitted light repeats two right-angled echoes to 
the minus Y shaft orientations illustrated by the reflective film 12A and 12B of the 
prism 12 installed in the outgoing radiation end face, and minus X shaft 
orientations, and is returned into Faraday cell 1 1 . This light is returned to a plane- 
of-incidence side through the optical path separated so that It might be parallel to 
incident light and might not interfere in the inside of Faraday cell 1 1, and 
Outgoing radiation is earned out from a different location from the incidence 
location of incident light. This light by which outgoing radiation was carried out 
has an optical path changed by the mirror 13 beforehand installed by optical-path 
design, and is condensed with a lens 14. This condensed light is outputted to a 
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photodiode 15. When carrying out 1 **** of light in Faraday cell 1 1 with such a 
two pass method, reservation of an optical path and separation of light are easier 
than the technique of carrying out the multiple-times round trip transparency of 
the light. 

[0045] In addition, a current value is indirectly detectable although magnetic 
reinforcement is directly detected in this example. For example, a Faraday cell 
can be arranged to parallel to the field generated when a current is passed on an 
electric wire, and a current value can be calculated from the reinforcement of the 
MAG detected at this time, and the distance from an electric wire to a Faraday 
cell. 

[0046] 

[Effect of the Invention] According to invention according to claim 1, the light 
which penetrated the inside of a Faraday cell along the direction of a field repeats 
a multiple-times echo in the optical means installed in the outgoing radiation end 
face of an opposite hand with the plane-of-incidence side, and is returned into a 
Faraday cell so that clearly from the above explanation. Without being almost 
parallel to the optical path of incident light, and interfering with incident light along 
the direction of a field, it dissociates and the light returned to this plane-of- 
incidence side is also returned. Furthermore, outgoing radiation of this light is 
carried out from a different location from an incidence location. Consequently, 
since all the optical paths in a Faraday cell meet in the direction of a field, the 
high sensitivity detection result which is not influenced by noise components 
other than a measurement field can be obtained. Moreover, since the multiple- 
times transparency of the light is carried out in the Faraday cell and the 
sensibility of a component is improved using the single Faraday cell, it is 
economical. 

[0047] According to invention according to claim 2, by preparing an optical 
means also in the incidence end face of light, it is returned from the outgoing 
radiation end face of an opposite hand, and the light which carried out incidence 
to the Faraday cell can repeat an echo in the optical means by the side of plane 
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of incidence further, and can return into a Faraday cell with a plane-of-incidence 
side. The inside of a Faraday cell is penetrated by the optical path separated so 
that it was not parallel and might not interfere in two or more light at this time 
mutually. By repeating actuation of this round, the multiple-times round trip 
transparency of the light can be carried out in a Faraday cell, and the optical path 
length can be earned. That is, element sensitivity can be raised further. Moreover, 
since the incidence location and outgoing radiation location of light differ from 
each other, a half mirror etc. can be used, it is not necessary to separate light, 
and the shift to the following process can be performed easily. 
[0048] According to invention according to claim 3, an optical-path change can 
be easily made by using prism for an optical means on the outside of a Faraday 
cell. 
[0049] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view having shown the component section of 

one example of the magnetometric sensor concerning this invention. 
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[Drawing 2] It is the sectional view of a pinhole plate prepared on the outgoing 
radiation optical path of light. 

[Drawing 3] It is the perspective view of the component section using 4 pass 
methods of light. 

[Drawing 4] It is the block diagram of the magnetometric sensor using 4 pass 
methods. 

[Drawing 5] It is the block diagram of the two pass method of a modification. 
[Drawing 6] It is the perspective view of the conventional example. 
[Drawing 7] It is drawing having shown the optical path and field of light which 
penetrate the inside of the component of the conventional example. 
[Description of Notations] 

1 1 — Faraday Cell 

12 - Large-sized Prism 

12A - End face of prism which gave the reflective film 
12B - End face of prism which gave the reflective film 

1 3 - Small Prism 

13A - End face of prism which gave the reflective film 
13B - End face of prism which gave the reflective film 
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CO 0 02] 

jg£ «=f^ffi««:s<-r&*ft*fflv\r 

£0003] «2*>*aU:l/t. «70dK07Jt 

[0 0 04] Sfcfc:, 3ftSrR»»«T«KtJiH , &W3 
^ttO»*i3j:rX*^)B6#fc:ov^T»l?W-4 # 06 £ 
^kT J: ^tc. ItTjftcOS^F 3 0<0^if;frf*]O±(ffl®<0PS 



rWA2 0a$:I LT*^ 3 0 (CttfettlMl A* ^>A 

^3 0£O5K^ASt(fflffl^cS^Jfi$tutKftfffit3 1 bfc 
£'Btr&. £OttUt* R8*J83 1 btm>^(cKStL 

3fcJ±. $^>^ir«I^l3 1 b^ltgg^d. r- 
Srfcfe* 7t*i, WM®«fc£ixfc£tJttJBS3 la. 3 1b 

$r3®iSLt \&mmco? y 2 o b *>^>aj» . 

[0005] 

**. ^«o^*tt«teM^r*taBiS-«:*»i 

[0006] 3toAM®0ffl!it it^w^commffim 
st$-^€>iB2co^^co^<j. AJt*^aat*fco4Mit 

SNJt (Signal-to-Noise ratio ) #J3g<3^& r ^^ r> 
[00073 S30#Stl^<t -3 J&|S])a^^ 

^-&o -r^t>^>. BS7(^^rj:^(z«3^i£-c(jt. a 
5^»Hfe»Lr^#^*rt(catrr-6. ^0^2 

iisiett»H^$«:snuT{ixn«^nE a r«. — 
a^«»Hfcictrft3teoft»L' a. ay^at-»H 

fc@3cr^m#H' ^»StS«LT«3Kffi3&«EBK-r 

[00 08] Z.<7)&m±. ZKJ: 
[0009 ] 

yt<^ytm<n®w%^&&ft<ntt^Mz$&&°t& ? r 
? x-st^ t . ffiraewtt^»$^**s*"r*s*ffl 
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